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  Clean Code Checklist


  Use this short checklist when encountering code that you are unfamiliar with or while writing new code.


  General


  ✓ My code reads like a narrative. I write code for humans, not machines.


  ✓ I document my code only when necessary. My code should speak for itself.


  ✓ I provide clear instructions on how to build and release my codebase. Where appropriate, I provide working build scripts/makefiles or CI/CD setup instructions.


  ✓ I use native functionalities instead of implementing my own libraries, unless for a very good reason.


  ✓ My code is consistent in its design patterns, documentation, and naming conventions. I do not change things mid-development and go against established patterns.


  ✓ I have added logging to my application, so I or other developers can debug when things go awry.


  Classes


  ✓ My class has the strictest access modifier possible.


  ✓ My class is named accurately.


  ✓ My class performs operations on only one specific object and, therefore, adheres to the single-responsibility principle.


  ✓ My class lives in the right folder within my project.


  ✓ If I struggle with implementing my class, I take a step back and come up with a brief description of the class and its intended functionality. This refocus can help write cleaner code. If my class should do multiple things, split it up.


  Methods


  ✓ My method has the strictest access modifier possible.


  ✓ My method is named accurately and correctly describes the logic within (leaving nothing out).


  ✓ My method performs only one general operation or collects information from other methods related to its operations. It adheres to the single-responsibility principle.


  ✓ If my method has a public access modifier, we do not perform any operations within the method. The public method calls other, smaller, methods and organizes the outputs.


  ✓ I have unit tests backing my method. The unit tests should cover the major success and failure logic branches.
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preface


  My first introduction to C# came when I joined Fujifilm Medical Systems in 2016. I had previous experience in Java and Python, but when C# came around, I did not look back. I loved its low barrier of entry and (at first excruciatingly infuriating) focus on explicit typing. Throughout my time at the company, I annoyed my coworkers with questions about C# and how to best use it. Getting started was easy, but becoming proficient was another matter altogether. Everybody can write a “Hello, World” application within 10 minutes, no matter their background, but using a language to its fullest strengths while knowing why certain things are implemented the way they are simply takes time. After a while, I felt like I had plateaued in my C# knowledge and was looking for resources to take me to the next level. Quickly, I realized that there were three major types of books dealing with .NET and C#: books about language-transcending topics (clean code, architecture, infrastructure, and the like) that happened to use C#, books on how to start programming using C#, and books that are so advanced that you might just be qualified to become the CTO of Microsoft after reading them. I wanted there to be a book that sat in the middle of all three: a book that deals with clean code and bridges the gap between beginner and advanced topics. That book did not exist, so I wrote it. This is that book.


  If you are a software engineer (or developer, or coder, or whatever your title may be) with previous experience in a (preferably object-oriented) programming language and want to jump into C#, this is the book for you. You will not have to learn how to write an if statement, nor will I explain what an object is to you. What you will find in this book are skills and topics that prepare you for deeper study into the language and platform. Of course, I can’t promise to cover everything a more difficult resource assumes you know, but within the limited page count of this book, I sure tried. I very much hope you enjoy this book and learn a thing or two. And if not, well, it never hurts to go over things you know again.
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about this book


  This book builds on your existing programming skills to help you seamlessly upskill your coding practice or transition to C# from Java or another object-oriented language. You’ll learn to write the kind of idiomatic C# code that’s essential for enterprise development. This book discusses essential backend skills and puts them into practice with a common career challenge: refactoring a legacy codebase to be secure, clean, and readable. By the time you’re done, you’ll have a professional-level understanding of C# and be ready to start specializing with advanced-level resources.


  There’s no “Hello, World” or Computer Science 101 basics—you’ll learn by refactoring an out-of-date legacy codebase, using new techniques, tools, and best practices to bring it up to modern C# standards. Throughout this book, we take an existing codebase (written in the .NET Framework) and refactor it, with a simplified API, to .NET 5.


  
Who should read this book


  If you are a developer proficient in an object-oriented programming language, be it Java, Dart, C++, or what have you, this book can help you get up to speed in C# and .NET without completely starting over. A lot of your knowledge carries over, so why learn how to write an if statement for the 500th time?


  Similarly, if you are proficient in a programming language like Go, C, JavaScript, Python, or any other mainstream language, after reading this book you can write clean, idiomatic C#. You may want to read up on some object-oriented design principles, but this should not prove to be a steep barrier to entry (if you’re coming from Go, make sure to pay extra attention whenever we use interfaces; they do not work the same).


  Lastly, if you are a developer who has been using C# for a while now and is wondering how to “level-up” your knowledge: this book is for you. A lot of advanced C# resources assume knowledge that is not covered in introductory or beginner resources. This book aims to bridge that gap.


  



How this book is organized: A roadmap


  This book has a somewhat unconventional approach to its structure compared to a regular technical book. Most technical books are reference books or can be read in any order. This book is not a reference book, and to get the most out of it, you need to read the chapters in order. The book is structured around the following six parts, as shown in figure figure 1:


  
    	
      “Using C# and .NET”—In chapter 1 we discuss what this book is, what it teaches, and what it does not teach. Chapter 2 is a brief tour of the C# language and .NET ecosystem, focusing on what sets .NET apart from other platforms and the C# compilation story.

    


    	
      “The existing codebase”—In this part, I guide you through the exploration of the codebase we inherit. This part is a detailed walk-through of the existing codebase, with a discussion on potential improvements and design flaws.

    


    	
      “The database access layer”—Following part 2, we start to rewrite the entire service. In part 3, we focus on creating a new .NET Core project and learn how we can use Entity Framework Core to connect to a cloud (or local) database. Other discussed topics include the repository/service pattern, virtual methods and properties, and sealed classes.

    


    	
      “The repository layer”—In part 4, we step into the land of the repository/service pattern and implement five repository classes. You also learn about dependency injection, multithreading (including locking, mutexes, and semaphores), custom equality comparisons, test-driven development, generics, extension methods, and LINQ.

    


    	
      “The service layer”—The next step is to implement the service layer classes. In part 5, we write four service layers from the ground up and talk about reflection, mocking, coupling, runtime assertions and type checks, error handling, structs, and yield return.

    


    	
      “The controller layer”—Part 6 is the final step in our rewrite of the service we initially inherited in part 2. This part sees us writing two controller classes and has us perform acceptance testing. Besides those topics, we also broach ASP.NET Core middleware, HTTP routing, custom data binding, data serialization and deserialization, and generating an OpenAPI specification at runtime.

    

  


  A lot of chapters in this book (and some sections within chapters) have exercises designed to test your knowledge of the material. You can complete these exercises quickly. I encourage you to complete these when you encounter them and to revisit sections you may have skimmed or misunderstood.
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  Figure 0.1 A flowchart of suggested routes to read this book. Follow the steps, and answer the questions to achieve your ideal reading experience. This flowchart is inspired by the book structure flowcharts in Donald Knuth’s The Art of Computer Programming series.


  
About the code


  At the time of writing, the .NET landscape can be divided into three major pieces: .NET Framework 4.x, .NET Core 3.x, and.NET 5. The entire book uses .NET 5, except for chapters 3 and 4 (for reasons you will understand after reading those chapters).


  The C# language versions used are C# 3 and C# 9 (we do not use any C# 9–specific features in most of the book, so an installation of C# 8 works as well). Because C# languages are backward compatible, you just need to install the latest version (at the time of writing, either C# 8 or C# 9 preview). The chapters with provided source code are 2, 3 and 4 (combined), 5, 6, 7, 8, 9, 10, 11, 12, 13, and 14.


  To run the code, you need to install a version of .NET Framework higher than 3.5 (if you want to run the code in chapters 3 and 4) and .NET 5. If you want to run the database used in the book locally or have trouble installing anything needed in this book, you can find installation instructions in appendix C (“Installation guides”). This book mostly uses Visual Studio as its IDE, but you can use any IDE that supports C# (or none at all) if you please. Visual Studio 2019 has a free version called Visual Studio 2019 Community. When we encounter things that require Visual Studio, the book notes this as such. The code and .NET 5 should run on Windows, macOS, and Linux. The book uses the command line (or terminal, for you macOS users) wherever possible to avoid a reliance on any particular IDE or operating system.


  This book contains many examples of source code both in numbered listings and in-line with normal text. In both cases, source code is formatted in a fixed-width font like this to separate it from ordinary text. Sometimes code is also in bold to highlight code that has changed from previous steps in the chapter, such as when a new feature adds to an existing line of code.


  In many cases, the original source code has been reformatted; line breaks were added, and indentation was reworked to accommodate the available page space in the book. In some cases, even this was not enough, and listings include line-continuation markers (➥). Code annotations accompany many of the listings, highlighting important concepts. Also note that curly braces typically have been placed on the preceding lines for new code blocks. This is not the appropriate real-world C# convention but was done to preserve space. The source code itself does not use this convention.


  



liveBook discussion forum


  Purchase of Code Like a Pro in C# includes free access to a private web forum run by Manning Publications where you can make comments about the book, ask technical questions, and receive help from the author and from other users. To access the forum, go to https://livebook.manning.com/book/code-like-a-pro-in-c-sharp/welcome/v-9/. You can also learn more about Manning’s forums and the rules of conduct at https://livebook.manning.com/#!/discussion.


  Manning’s commitment to our readers is to provide a venue where a meaningful dialogue between individual readers and between readers and the author can take place. It is not a commitment to any specific amount of participation on the part of the author, whose contribution to the forum remains voluntary (and unpaid). We suggest you try asking him some challenging questions lest his interest stray! The forum and the archives of previous discussions will be accessible from the publisher’s website as long as the book is in print.


  
about the author


  Jort Rodenburg is a software engineer, author, and public speaker. He specializes in C# and has worked on software in a variety of fields, such as financial compliance and reporting, inkjet printing, medical imaging, distributed systems, and cyber security. Jort has mentored engineers proficient in a different programming language to help them get up to speed in C# and .NET. Jort also speaks on all things C#, .NET, and programming at conferences and meetups.


  
about the cover illustration


  The figure on the cover of Code Like a Pro in C# is captioned “Homme Samojede,” or “Samojede Man.” The illustration is taken from a collection of dress costumes from various countries by Jacques Grasset de Saint-Sauveur (1757–1810), titled Costumes de Différents Pays, published in France in 1797. Each illustration is finely drawn and colored by hand. The rich variety of Grasset de Saint-Sauveur’s collection reminds us vividly of how culturally apart the world’s towns and regions were just 200 years ago. Isolated from each other, people spoke different dialects and languages. In the streets or in the countryside, it was easy to identify where they lived and what their trade or station in life was just by their dress.


  The way we dress has changed since then and the diversity by region, so rich at the time, has faded away. It is now hard to tell apart the inhabitants of different continents, let alone different towns, regions, or countries. Perhaps we have traded cultural diversity for a more varied personal life—certainly for a more varied and fast-paced technological life.


  At a time when it is hard to tell one computer book from another, Manning celebrates the inventiveness and initiative of the computer business with book covers based on the rich diversity of regional life of two centuries ago, brought back to life by Grasset de Saint-Sauveur’s pictures.


  
    
Part 1 Using C# and .NET

  


  In this first part of the book, we’ll take a brief tour of the C# language and talk about some of its features. Chapter 1 covers what C# and .NET are and why you would (and would not) use them for your projects. Chapter 2 dives deeper into the various iterations of .NET and takes a C# method through its compilation process, stopping at each major step along the way.


  Although this part is truly the introduction of this book, it still provides invaluable information to somebody familiar with C#. Some of the knowledge introduced in these first two chapters are things you need to know before moving on to more advanced topics.


  
    
1 Introducing C# and .NET

  


  This chapter covers


  
    	
Understanding what C# and .NET are


    	
Learning why you would use C# for your projects (and why you wouldn’t)


    	
Switching to C# and how to get started

  


  Another book on C#, you say? Yes, another one. Plenty of books are written about C# and .NET, but this book has one fundamental difference: I wrote this book to help you develop clean, idiomatic C# code in your day-to-day life. This book is not a reference book but rather a practical guide. This book does not cover things like how to write an if statement, what a method signature is, or what an object is. We are not concerned about syntax but instead focus on concepts and ideas. There is a difference between knowing the syntax of a language and being able to write clean, idiomatic code. After going through this book, that is exactly what you will be able do. Whatever your background is and whatever programming languages you know, as long as you understand object-oriented programming, this book helps you shift into the C# and .NET ecosystem, as shown in figure 1.1.


  [image: ]


  Figure 1.1 Every chapter introduction contains a progress diagram, which allows you to quickly figure out where you are in the book.


  What do organizations like Microsoft, Google, and the US government have in common? They all use C#—and for good reason. But why? C# is just another programming language. It bears similarities to Java and C++, allows for both object-oriented and functional programming, and enjoys wide support from a large open source community. Great. Now, why should you care? In this chapter, we’ll explore that question in depth, but let me reveal a couple of spoilers: C# excels at allowing you to create scalable software. To start writing C#, all you need is the .NET SDK of your choice (more on that in chapter 2) and perhaps an IDE. The language and runtime are open source.


  Any time you look online for C#, chances are, you come across the .NET Framework. You can think about the .NET Framework as your warm blanket, a warm fire, and a mug of hot chocolate on a winter day, providing you with everything you need: libraries that encapsulate low-level Windows APIs, expose commonly used data structures and provide wrappers for complicated algorithms. Daily development in C# almost certainly involves the .NET Framework, .NET Core, or .NET 5, so we’ll explore these frameworks where appropriate.


  Figure 1.2 shows where this book’s topics fit in a general .NET web architecture. It also shows the architecture we use to completely rewrite an existing application, which we’ll start in chapter 5 (the green/dashed arrows indicate this path).
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  Figure 1.2 An example of a typical web service architecture on a Microsoft stack. This book follows the approach shown by the green/dashed arrows. This book covers the presentation, business logic, and data access layers.


  For those of you with prior experience in C#: this book sits between beginner and advanced resources. With the skills taught in this book, you can bridge the knowledge gap and prepare yourself for advanced skills. The first two chapters may seem a bit basic to you, but I invite you to not skim over these. It is always good to refresh your knowledge.


  
1.1 Why work in C#?


  If you are already familiar with a programming language other than C# and like using it, why should you use C#? Perhaps you were hired by a company that uses only C#. Or maybe you just want to see what all the fuss is about.


  I promise not to repeatedly tell you that C# is a “strongly typed object-oriented programming language that enables cross-platform development of scalable enterprise software.” You are likely aware of that, and it is hardly the most exciting sentence to dissect. In this section, we cover the buzzwords in that definition once and do not touch on it again. At the risk of sounding like I’m employed by Microsoft’s marketing department, for the rest of this section, we’ll focus on the following highlights and use cases of C#:


  
    	
      C# (and the .NET ecosystem) enables the development of software in an economical way. Economical solutions are important because enterprise development is the bread and butter of C#.

    


    	
      C# can improve code stability and is maintainable because of its support for self-documenting code, secure libraries, and ease of use.

    


    	
      C# is developer friendly and easy to use. There’s nothing worse than discovering that the programming language you want to use does not have good support for the things you love (such as a stable package manager, good support for unit testing, and a cross-platform runtime).

    

  


  Of course, writing scalable, maintainable, and developer-friendly “clean code” can be done in most (if not all) programming languages. The difference lies in the developer experience. Some languages are really good at guiding you in writing clean code, whereas others are not. C# is not perfect, but it does try to help you in this regard.


  
1.1.1 Reason 1: C# is economical


  C# is free to use and develop in. The language and platform are fully open source, all documentation is free, and most tooling has free options. For example, a common C# setup includes an installation of C# 8, .NET 5, and Visual Studio Community. All these are free and used in this book. No license fee is required for the runtime, and you can deploy the end product wherever you want.


  
1.1.2 Reason 2: C# is maintainable


  When we talk about maintainability in this book, we mean the ability to fix bugs, change functionality, and address other issues without unintended side effects. This sounds like an obvious requirement for any programming language, but it is very hard to implement. C# has features that improve the maintainability (and, therefore, safe extensibility) of large codebases. Think, for example, about generics and Language-Integrated Query (LINQ). We’ll discuss these two things throughout the book, but they are examples of the platform exposing functionalities that can help you write better code.


  For a company, maintainability might not be the number one priority on the surface, but if you develop code that is maintainable (meaning clean code that is easily extendable and backed by tests), development costs drop. Development costs dropping when writing maintainable code may seem counterintuitive at first: maintainable code takes longer to write and architect, driving up the initial costs of development. However, imagine what happens after a little while when a user discovers a bug or they want an additional feature. If we write maintainable code, we can quickly and easily find the bug (and fix it). Adding the feature is simpler because the codebase is extensible. If we can easily extend and fix a codebase, development costs go down.
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          Open/Closed Principle


          In 1988, the French computer scientist Bertrand Meyer (creator of the Eiffel programming language) released a book called Object-Oriented Software Construction (Prentice Hall, 1988). The release of Meyer’s book was a pivotal moment in the history of object-oriented programming and design, because in it, he introduced the Open/Closed Principle (OCP). The OCP is aimed at improving the maintainability and flexibility of software designs. Meyer says the OCP means that “software entities (classes, modules, functions, etc.) should be open for extension, but closed for modification.”


          But what does the OCP mean in practical terms? To examine that, let’s apply the OCP to a class: we deem a class “open” for extension and “closed” to modification if we can add functionality to the class without changing the existing functionality (and, therefore, potentially breaking parts of our code). If you abide by that rule, the odds of you introducing a regression (or new bug) in the existing code are much smaller than if you try to force in the bug fix or new feature with no regard for maintainability and extensibility. When you work with code that is more complicated (and coupled; discussed in chapter 8), you are more likely to introduce new bugs due to misunderstanding the side effects of your changes. This is what we want to avoid at all costs.

        

      
    

  


  
1.1.3 Reason 3: C# is developer friendly and easy to use


  Enterprise development is the bread and butter of C# development and where C# and .NET shine. What would your ideal codebase look like in an enterprise environment? Perhaps you would like a codebase that is easily navigable with a solid package manager and backed by tests (unit, integration, and smoke). Let’s also throw in excellent documentation and cross-platform support.


  DEFINITION Self-documenting code means code that is written clearly enough that we need no comments to explain the logic. The code documents itself. For example, if you have a method called DownloadDocument, others can have some inkling of what it does. There is no need to add a comment saying that the logic inside the method downloads a document.


  To top things off, perhaps we can have good integration with a cloud service for continuous integration and delivery (CI/CD). A pragmatic view tells us that the likelihood of you having such a codebase is not very high. Of course, this wish list is unrealistic for most scenarios. However, if you want to do some of these things (or all of them, if you are adventurous), C# does not work against you. It offers existing workflows, functionalities, and native libraries to get you 99% of the way there.


  Developers coming from a language such as Java should see some similarities in the project structure. Although some differences exist, they are not large. We’ll discuss the C# project structure in depth throughout the book.


  .NET also has support for several popular testing frameworks. Microsoft provides the Visual Studio Unit Testing Framework, which contains (and by extension is sometimes called) MSTest. MSTest is just the command-line runner for the Visual Studio Unit Testing Framework. Other commonly used testing frameworks are xUnit and NUnit. You can also find support for mocking frameworks such as Moq (Moq is similar to Java’s Mockito or Go’s GoMock. We’ll learn more about using Moq with unit tests in section 10.3.3.), SpecFlow (behavior-driven development similar to Cucumber), NFluent (a fluent assertion library), FitNesse, and many more.


  Last, you can run C# on a host of platforms, albeit with some limitations (some older platforms are restricted to older versions of C# and the .NET Framework). With .NET 5, you can run the same code on Windows 10, Linux, and macOS. This functionality got its start as .NET Core, a spinoff of the .NET Framework that has since merged with .NET Framework (and other frameworks) to create .NET 5. You can even run C# code on iOS and Android through Xamarin and on PlayStation, Xbox, and Nintendo Switch platforms through Mono.


  
1.2 Why not work in C#?


  C# isn’t the best choice for everybody under every circumstance. It is imperative that you choose the best tool for the job. C# works well in a wide variety of situations, but a few use cases you might not want to use C# and .NET for follow:


  
    	
      Operating system development

    


    	
      Real-time operating system–driven code (embedded development)

    


    	
      Numerical computing

    

  


  Let’s examine briefly why C# might not be an ideal fit for these use cases.


  
1.2.1 Operating system development


  Operating system (OS) development is an incredibly important corner of software engineering, yet not many people develop OSes. Developing an OS takes a lot of time and commitment, with codebases routinely going into millions of lines of code, developed and maintained over many years and sometimes decades.


  The main reason C# is not suitable for OS development comes down to spotty support for manual memory management (unmanaged code) and C#’s compilation process. Although C# allows the use of pointers when using “unsafe” mode, it does not rival a programming language like C in ease of use for manual memory management.


  Another problem with using C# to develop an OS is its partial reliance on a just-in-time (JIT) compiler (more on this in chapter 2). Imagine having to run your operating system through a virtual machine. Performance would be a problem because the virtual machine has to play catch-up all the time to run the JIT-compiled code, which is similar to what happens when .NET code runs on your machine. This critique means that a fully statically compiled language is a better fit for OS development.


  Yet, examples of OSes developed in higher-level languages do exist. For example, Pilot-OS (created by Xerox PARC in 1977) was written in Mesa,1 a predecessor of Java.


  If you want to learn more about operating system development, the wiki for the osdev.org community is an excellent resource (wiki.osdev.org). There you can find guides to get started, tutorials, and reading suggestions. Resources for learning C include Jens Gustedt’s Modern C (Manning, 2019) and the classic book, The C Programming Language, by Brian Kernighan and Dennis Ritchie (Prentice Hall, 1988).


  
1.2.2 Real-time operating system embedded development in C#


  Similar to OS development (section 1.2.1), real-time operating system (RTOS)–driven code, which you most often find in embedded systems, experiences large performance issues when run through a virtual machine. An RTOS scans code linearly, in real time, and executes the instructions at a configurable interval ranging from one operation per second to many times per microsecond, depending on the wishes of the developer and the capabilities of the microcontroller or programmable logic controller (PLC) the code runs on. A virtual machine gets in the way of true real-time execution due to added latency and overhead at run time.


  If you want to learn more about RTOS-driven code and embedded development, you can check out several highly regarded books, such as David E. Simon’s An Embedded Software Primer (Addison-Wesley Professional, 1999), or Elecia White’s Making Embedded Systems: Design Patterns for Great Software (O’Reilly Media, 2011).


  
1.2.3 Numerical computing and C#


  Numerical computing (also called numerical analysis) concerns the study, development, and analysis of algorithms. People (usually computer scientists or mathematicians) working in numerical computing use numerical approximation to solve problems in just about every branch of science and engineering. From a programming language perspective, it presents unique challenges and considerations. Every programming language can evaluate mathematical statements and formulas, yet some are specifically built for this purpose.


  Consider plotting graphs. C# can absolutely handle plotting, but what performance and ease of use does C# offer when compared with something like MATLAB? (MATLAB is both a computing environment and a programming language created by MathWorks.) The short answer is that it doesn’t compare. Graphics programming in C# sees you working in either something like WPF (which uses Direct3D), OpenGL, DirectX, or a different third-party graphics library (usually aimed at video games). With MATLAB, you have a language that ties into an environment built to render complicated 3-D graphs. You can literally call plot(x, y), and MATLAB plots your graph for you.


  So, C# can do numerical computing but does not offer the same ease of use as a language with high-level libraries and abstractions dealing with graph plotting as MATLAB does. If it interests you to learn more about MATLAB or numerical computing, some available resources on these topics include Richard Hamming’s Numerical Methods for Scientists and Engineers (Dover Publications, 1987), Amos Gilat’s MATLAB: An Introduction with Applications (Wiley, 2016), and the Cody tutorial program for MATLAB (https://www.mathworks.com/matlabcentral/cody).


  
1.3 Switching to C#


  Because of the similarity among languages, developers with a good understanding of the syntax of a Java virtual machine (JVM) language (most notably Java, Scala, and Kotlin) or C++ may have an easier time with this book than somebody coming from a non-C-style language, non-virtual-machine-esque-based language, or web and cloud-focused languages such as Dart, Ruby, or Go. Coming from a non-C-style language background does not mean that C# is impossible to understand. You may find yourself rereading some passages twice, but in the end, you’ll get there just fine.


  If you come from an interpreted language such as Python, the .NET compilation process may seem odd at first. Languages within the confines of .NET use a two-step compilation process. First, code is compiled statically to a lower-level language called Common Intermediate Language (CIL, IL, or MSIL for short; MS for Microsoft—it is somewhat similar to Java bytecode, for the Java developers among us), which in turn compiles just-in-time (JIT) to native code when the .NET runtime executes the code on the host. All this might sound like a lot to digest suddenly, but in a few chapters, you will understand it all.


  If you come from a scripting language such as JavaScript, static typing might seem to limit and frustrate you. But once you get used to knowing what your type is at all times, I think you’ll like it.


  And if you come from a language such as Go or Dart, where native libraries are sometimes hard to find, .NET 5 may surprise you with its rich store of libraries. By providing functions for most things you can think of, the .NET libraries are your primary source for functionality. A lot of applications written with .NET never use any third-party libraries.


  To get the housekeeping out of the way, let’s discuss tooling. We will not dive into how to install an IDE or the .NET SDK in this chapter. If you have not installed a .NET SDK or an IDE and want some help, you can find a couple of quick installation guides in appendix C. To follow along with this book, you need to install the latest versions of the .NET Framework and .NET 5. In this book, we’ll start with an old codebase that uses the .NET Framework. Because of that, we’ll use the .NET Framework to run that old codebase as we migrate the code to .NET 5.


  As mentioned earlier, C# is open source and maintained by the community with help from Microsoft. You don’t need to pay for a runtime, SDK, or IDE license. Concerning IDEs, Visual Studio (the IDE we’ll use in the examples in this book) has a free Community edition that you can use to develop personal projects and open source software. If you like your current IDE, chances are you can find a C# plugin for it. You can also use the command line to compile, run, and test C# projects, although I encourage you to give the dedicated C# tooling (Visual Studio) a chance because it provides the smoothest experience and easiest route to writing idiomatic C# code.


  Many concepts and techniques you have picked up elsewhere transfer to C#, but some don’t. C# has matured more on the backend than it has on the frontend, because it is traditionally mostly used for that purpose. A historical focus on backend development for C# does not mean that the frontend experience is any less impressive. You can write a full-stack application in C# without the need to touch JavaScript. Although this book focuses on backend development, many of the concepts taught here help you on the frontend as well.


  Have you ever come across a monster method with five nested for loops, a bunch of hardcoded numbers (so-called magic numbers), and more comments than code? Imagine you are a new developer who just joined a team. How would you feel when you boot up your IDE, pull down the source code, and see this method? Despair would not quite cover it. Now imagine that you placed all the individual actions in your monster method in their own small methods (perhaps fewer than 5 to 10 lines of code). What would your monster method look like? Instead of being a bunch of difficult-to-follow conditionals and assignments, with no clear path to understanding unless you have specific domain knowledge, the code almost reads like a narrative. If you name your methods well, your main method should read like a recipe that even the worst cooks can follow.


  When I mention “clean code,” I am referring to the coding practices evangelized by Robert C. Martin in his videos (https://cleancoders.com/videos) and books Clean Code (Prentice Hall, 2008), Clean Architecture (Prentice Hall, 2017), and, with Micah Martin, Agile Principles, Patterns, and Practices in C# (Pearson, 2006), and as well as through his compilation of the “SOLID” principles (Single Responsibility Principle, Open/ Closed Principle, Liskov Substitution Principle, Interface Segregation Principle, and Dependency Inversion Principle). I explain clean code principles fully when they come up in the book along with practical information on how to actually use them.


  At the end of the day, why bother writing clean code? Clean code works like a washing machine for bugs and incorrect functionality. If we put our codebase in the clean code washing machine, as shown in figure 1.3, we see that once you refactor something to be more “clean,” bugs come out and incorrect functionality stares at you with no place to hide. After all, “it all comes out in the wash.” Of course, it is also risky to refactor production code; often unintended side effects are introduced. This makes it difficult for management to approve big refactors without added functionality. However, with the right tools (some of which are discussed in this book), you can minimize the chances of negative side effects and improve the quality of the codebase.
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  Figure 1.3 Clean code is like a washing machine for your code. It takes your dirty laundry (your code), adds soap and water (clean code principles), and separates the dirt from the clothes (separates the bugs from the code). What it leaves you with are clothes (code) with less dirt (bugs) than you started with.


  This book contains sidebars with information on clean code topics. If the sidebars are clean code related, I denote them as such and explain both the concepts and how to apply them to the real world. Appendix B contains a clean code checklist. You can use the checklist to determine whether you need to refactor existing code. The checklist serves as a reminder for some of the more forgettable (but still important) concepts.


  
1.4 What you will learn in this book


  This book will teach you to write idiomatic and clean C# code. It does not teach the C# language, .NET 5, or programming from the ground up. We follow a pratical approach: a business scenario in which we refactor an old API to be more clean and secure. Along the way, you’ll learn many things. A few highlights follow:


  
    	
      Taking an old codebase and refactoring it for security, performance, and cleanliness

    


    	
      Writing self-documenting code that can pass any code review

    


    	
      Using test-driven development to write unit tests alongside your implementation code

    


    	
      Safely connecting to a cloud database through Entity Framework Core

    


    	
      Introducing clean code principles into an existing codebase

    


    	
      Reading Common Intermediate Language and explaining the C# compilation process

    

  


  So, what do you need to know to get the most out of this book? The expectation is that you understand the basic principles of object-oriented programming (inheritance, encapsulation, abstraction, and polymorphism) and are familiar with another programming language that supports developing code through an object-oriented approach (be it C++, Go, Python, or Java).


  After reading this book, you’ll write clean, secure, testable C# code that follows good object-oriented design principles. Additionally, you’ll be ready to further deepen your knowledge in C# through advanced resources. Some suggested readings for after this book are Jon Skeet’s C# in Depth, 4th edition (Manning, 2019), Jeffrey Richter’s CLR via C#, 4th edition (Microsoft Press, 2012), Bill Wagner’s Effective C#, 2nd edition (Microsoft Press, 2016), Dustin Metzgar’s .NET Core in Action (Manning, 2018), John Smith’s Entity Framework Core in Action, 2nd edition (Manning, 2021), and Andrew Lock’s ASP.NET Core in Action, 2nd edition (Manning, 2021).


  
1.5 What you will not learn in this book


  This book aims to fill the gap between beginner and advanced C# resources. With that goal come some consequences regarding what assumptions I make about your understanding of C# and programming. As briefly discussed here, I expect you to have some professional programming experience and that you are comfortable with either the basics of C# or a different object-oriented programming language.


  What do I mean by that? To get the most out of this book, you should understand object-oriented principles and be able to develop basic applications or APIs in your favorite programming language. As a result, this book does not teach you some of the following topics often present in a beginner programming book:


  
    	
      The C# language itself. This is not a book along the lines of Code C# from Scratch. Instead, I teach you how to take your existing C# or object-oriented programming knowledge to the next level.

    


    	
      Syntax around conditionals and branching statements not specific to C# (if, for, foreach, while, do-while, etc.).

    


    	
      What polymorphism, encapsulation, and inheritance are (although we use these concepts regularly in this book).

    


    	
      What a class is and how we model real-world objects through classes.

    


    	
      What a variable is, or how to assign a value to one.

    

  


  If you are new to programming, I highly recommend going through a book such as Jennifer Greene’s Head First C#, 4th edition (O’Reilly, 2020) or Harold Abelson, Gerald Jay Sussman, and Julie Sussman’s Structure and Interpretation of Computer Programs, 2nd edition (The MIT Press, 1996)2 before reading this book.


  This book also doesn’t cover these more specialized ways to use C#:


  
    	
      Microservice architecture. This book does not go into depth on what microservices are and how to use them. Microservice architecture is very much the trend and is useful in many use cases but is not related to C# or how you code like a pro. Three wonderful resources to learn more about microservices are Chris Richardson’s Microservices Patterns (Manning, 2018), Prabath Siriwardena and Nuwan Dias’s Microservices Security in Action (Manning, 2019), and Christian Horsdal Gammelgaard’s Microservices in .NET Core (Manning, 2020).

    


    	
      How to use C# with containerized environments such as Kubernetes and/or Docker. Although very practical and used in many enterprise development environments, knowing how to use Kubernetes or Docker does not guarantee you can “code like a pro” in C#. To learn more about these technologies, see Marko Lukša’s Kubernetes in Action, 2nd edition (Manning, 2021), Elton Stoneman’s Learn Docker in a Month of Lunches (Manning, 2020), and Ashley Davis’s Bootstrapping Microservices with Docker, Kubernetes, and Terraform (Manning, 2021).

    


    	
      Concurrency with C# beyond multithreading and locks (discussed inchapter 6). We often find this topic in highly threaded and performance-critical scenarios. Most developers don’t work with such code much. If you do find yourself in that position, an excellent resource to learn more about concurrent programming in C# is Joe Duffy’s Concurrent Programming on Windows (Addison-Wesley, 2008).

    


    	
      The deep internal details of either the CLR or the .NET Framework themselves. Although the CLR and .NET 5 are interesting, knowing every little detail about them is of little practical use for most developers. This book covers the CLR and .NET Framework in some detail but stops where things get unpractical or unwieldy. The “bible” for the CLR and .NET Framework is Jeffrey Richter’s CLR via C#, 4th edition (Microsoft Press, 2012).

    

  


  You have two ways to read this book. The recommended way is to read the entire book, front to back and in order. If you are interested only in refactoring and best practices, you can just read parts 3 through 6.


  
Summary


  
    	
      This book doesn’t cover “Programming 101.” It assumes knowledge of object-oriented programming. This allows us to focus on practical concepts.

    


    	
      C# and .NET 5 shine at scalable enterprise development with a focus on stability and maintainability. This makes C# and .NET a perfect platform of choice for both companies and individual developers.

    


    	
      C# and .NET 5 do not shine at operating system development, RTOS-embedded development, or numerical computing (or analysis). For those tasks, C and MATLAB fit better.

    

  

  


  1.The name “Mesa” is a pun, referring to the programming language being high level, just like an isolated, elevated hill with a flat top.


  2.Available for free from The MIT Press at https://mitpress.mit.edu/sites/default/files/sicp/index.html.


  
    
2 .NET and how it compiles

  


  This chapter covers


  
    	
Compiling C# to native code


    	
Reading and understanding Intermediate Language

  


  In 2020, Microsoft released .NET 5, an all-encompassing software development platform. Before that, in the late 1990s and early 2000s, Microsoft created the .NET Framework, which was the precursor to .NET 5. The original use case for the .NET Framework was developing enterprise Windows applications. In fact, we’ll use the .NET Framework to examine exactly such a codebase in chapters 3 and 4. The .NET Framework ties together a large collection of libraries. Although the .NET Framework and C# are frequently used together, we do encounter use cases for the .NET Framework without C# (most notably, using a different .NET language). The two most important pillars of the .NET Framework are the Framework Class Library (FCL; a humongous class library that is the backbone of the .NET Framework) and the Common Language Runtime (CLR; the runtime environment of .NET that contains the JIT compiler, garbage collector, primitive data types, and more). In other words, the FCL contains all the libraries you are likely to use, and the CLR executes the code. Later on, Microsoft introduced .NET Core, aimed at multiplatform development. See figure 2.1 for where this chapter falls in the book’s scheme.
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  Figure 2.1 So far, you’ve learned about what to expect in this book. In this chapter, we’ll dive into what .NET and its flavors are. By discussing the .NET ecosystem, we’ll gain a baseline understanding that will serve us well in the rest of the book.


  In this chapter, we’ll discuss a couple of features of .NET 5 and contrast them against implementations (and sometimes the lack thereof) in other platforms such as Java, Python, and Go. After that, we’ll learn about the C# compilation process by showing how a C# method is translated from C# to Common Intermediate Language (CIL) to native code. These fundamental building blocks allow us to have a solid foundation in our knowledge of the C# language and the .NET ecosystem. If you are already familiar with C# and .NET, this chapter is bound to have some repetition for you. If nothing else, I suggest you read through section 2.3. The discussion on the C# compilation process is deeper than what you find in most resources and is assumed knowledge in some advanced C# resources. To test your knowledge of the respective topics, sections 2.2 and 2.3 have exercises for you to try.


  
2.1 What is the .NET Framework?


  In the beginning . . . there was the .NET Framework—the old-school way of using .NET. The .NET Framework was introduced in the early 2000s by Microsoft. Developers could use C# with it to write enterprise desktop applications. Because Microsoft had an intrinsic interest in targeting Windows, the .NET Framework works only on Windows and relies on many Windows APIs to perform graphic operations. If you work on any desktop application written in C# before late 2020 (and the introduction of .NET 5), I guarantee you it was written using .NET Framework.


  The .NET Framework has gone through various iterations over time, but the most recent release (July 2019) is 4.8.0. There will be no further releases of the .NET Framework because it’s been replaced with .NET 5, but its many legacy applications will live on. A lot of the material covered in this book applies to .NET Framework. In fact, we’ll see a .NET Framework application in chapters 3 and 4.


  
2.2 What is .NET 5?


  In this section, we’ll talk about what .NET 5 is and why it exists. Since 2016, .NET has existed as two major streams: .NET Framework and .NET Core. The new .NET 5 combines these two streams (as well as different auxiliary streams such as Xamarin and Unity), as shown in figure 2.2. In effect, .NET 5 is a rebranding of .NET Core as it forms the basis for a new .NET. We should therefore see .NET 5 as not just another iteration of the .NET Framework or .NET Core but rather as a reboot and merger of previous technologies.


  Housing all .NET technologies under one umbrella gives you access to all the tools and use cases you want. You can develop enterprise software, websites, video games, Internet of Things (IoT), embedded applications running on Windows/macOS/ Linux, ARM processors (ARM32/64), machine learning services (ML.NET), applications, cloud services, and mobile apps, all throughout the same framework. And because the .NET Framework adheres to the .NET Standard, all existing codebases and libraries should be compatible with .NET 5 (as long as .NET 5 supports the underlying packages and features used by the codebase).
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  Figure 2.2 .NET 5 merges .NET Framework 4 with ARM32/64, Xamarin, .NET Core 3, Unity, and ML.NET. This allows us to use all those .NET variations under one umbrella: .NET 5.


  .NET 5, just like the .NET Framework and .NET Core, is an implementation of the .NET Standard—a specification that has been used to develop a variety of implementations of .NET: .NET 5, .NET Framework, .NET Core, Mono (the cross-platform technology that .NET Core is built on), Unity (video game development), and Xamarin (iOS and Android development). These have different use cases but are inherently very similar. Developing an implementation against the .NET Standard means that code sharing between implementations is as seamless as possible.


  The .NET Standard contains information on what APIs are available for use when interacting with the CLR (the runtime on which C# depends). Before the .NET Standard, we had no real way of making sure that our code or library would work across .NET implementations, besides using Portable Class Libraries (PCL). PCLs are libraries that can be shared among projects but can target only a specific version of a .NET implementation (or “profile”). Today we call these PCLs “profile-based PCLs.” Libraries targeting a .NET implementation adhering to the .NET Standard are also PCLs, but instead of targeting a specific implementation, they target a version of the .NET Standard. To differentiate between profile-based PCLs, we call these “.NET Standard-based PCLs.” The .NET Standard encapsulates a lot of the Windows APIs used by libraries written in the pre–.NET Standard era (and, therefore, profile-based PCLs). As a result, we can use those libraries in any .NET Standard implementation of .NET without a problem. The first version of the .NET Framework to implement the .NET Standard was 4.5.


  In keeping with Microsoft’s push for open source software, .NET 5 and all its related repositories are open source and available on GitHub (https://github.com/ dotnet). For more information on new features slated to be included in new versions of .NET, see the CoreFX roadmap at https://github.com/dotnet/corefx/milestones. You can access the .NET Standard at https://github.com/dotnet/standard.


  
Exercises


  Exercise 2.1


  Which one of the following operating systems is not supported by .NET 5?


  a. Windows


  b. macOS


  c. Linux


  d. AmigaOS


  Exercise 2.2


  What does the term “CLR” stand for?


  a. Creative License Resources


  b. Class Library Reference


  c. Common Language Runtime


  Exercise 2.3


  Fill in the blanks: The .NET Standard is a(n) __________, which dictates implementation details for all .NET platforms to enable code sharing.


  a. implementation


  b. precursor


  c. tool


  d. specification


  
2.3 How CLI-compliant languages are compiled


  In this section, you’ll get an in-depth look at how C# (and other Common Language Infrastructure–compliant languages; see section 2.3.2) compiles. Knowing the entire compilation story prepares you to take advantage of all of C#’s features while understanding some of the pitfalls related to memory and execution. The C# compilation process knows three states (C#, Intermediate Language, and native code) and two stages, as shown in figure 2.3: going from C# to Common Intermediate Language and going from Intermediate Language to native code.
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  Figure 2.3 The complete C# compilation process. It goes from C# code to Common Intermediate Language to native code. Understanding the compilation process gives us knowledge about some of the internal choices made around C# and .NET.


  NOTE Native code is sometimes referred to as machine code.


  By looking at what it takes to go from one step to the other and follow a method as the compiler and CLR compile the high-level C# code down to runnable native code, we gain an understanding of the complex machine that is C# and .NET 5. A good understanding of this process is often a resource gap found in beginner resources, but advanced resources require you to understand this.


  We use a combination of static compilation and JIT compilation to compile C# to native code as follows:


  
    	
      After a developer writes the C# code, they compile their code. This results in Common Intermediate Language stored within Portable Executable (PE for 32 bit, PE+ for 64 bit) files such as .exe and .dll files for Windows. These files are distributed or deployed to users.

    


    	
      When we launch a .NET program, the operating system invokes the Common Language Runtime. The Common Language Runtime JIT compiles the CIL to the native code appropriate for the platform it is running on. This allows CLI-compliant languages to run on a lot of platforms and compiler types. However, it would be amiss not to mention the major negative implication of using a virtual machine and JIT compiler to run your code: performance.

    

  


  A statically compiled program has a leg up at execution time because you don’t need to wait on a runtime to compile the code.


  DEFINITION Static and JIT compilation are two commonly used ways of compiling code. C# uses a combination of static compilation and JIT compilation. This entails that the code is compiled down to bytecode at the last possible moment. Static compilation compiles all the source code ahead of time.


  
2.3.1 Step 1: C# code (high-level)


  The first time I encountered the Pythagorean theorem was in 2008. I was in the Dutch version of high school and saw in the mathematics textbook that we would cover the Pythagorean theorem that year. A couple of days later, late at night, I was in the car with my father. We had been driving for a while, so the conversation had reached a natural slow point. In a completely out-of-character moment, I asked him, “What is the Pythagorean theorem?” The question clearly took him aback because I had shown little academic interest, especially in mathematics, at that point in time. For the next ten minutes, he attempted to explain to me, somebody with the mathematical abilities of a grapefruit, what the Pythagorean theorem was. I was surprised I actually understood what he was talking about, and now, years later, it has proven to be an excellent resource to show you the first step in the C# compilation process.


  In this section, we’ll look at the first step in the C# compilation process: compiling C# code, as shown in figure 2.4. The program we’ll follow through the compilation process is the Pythagorean theorem. The reason for using a program representing the Pythagorean theorem to teach you that the C# compilation process is straightforward: we can condense the Pythagorean theorem to a couple of lines of code that are understandable with a high school level of mathematical knowledge. This lets us focus on the compilation story instead of on implementation details.
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  Figure 2.4 The C# compilation process, step 1: C# code. This is the static compilation phase.


  NOTE If a quick refresher is in order, the Pythagorean theorem states that a2 + b2 = c2. We commonly apply the Pythagorean theorem to discovering the length of a right-angled triangle’s hypotenuse by taking the square root of the resulting value, which is the sum of the squared lengths of the two sides adjacent to the right-angled triangle.


  We’ll start by writing a simple method that proves the Pythagorean theorem when given two arguments, as shown in the next listing.


  Listing 2.1 Pythagorean theorem (high level)

  public double Pythagoras(double sideLengthA, double sideLengthB) {                ❶
    double squaredLength = sideLengthA * sideLengthA + sideLengthB * sideLengthB; ❷
  return squaredLength;
}


  ❶ We declare a method with a public access modifier, returning a floating-point number, called Pythagoras, that expects two floating-point (double) arguments: sideLengthA and sideLengthB.


  ❷ We perform the Pythagorean theorem and assign the result to a variable called squaredLength.


  If we run this code and give it the arguments of [3, 8], we see that the result is 73, which is correct. Alternatively, because we are using 64-bit floating-point numbers (doubles), we can also test argument sets like. The result is 12037.7057.


  
    Access modifiers, assemblies, and namespaces


    C# knows six access modifiers (from most open to most restrictive): public, protected internal, internal, protected, protected private, and private. The two you use the most in daily life are public and private. Public signifies availability across all classes and projects (this is the concept of “exported” in some languages; unlike some of those programming languages, the capitalization of a method name does not matter when it comes to access modifiers in C#), and private means visible only from the current class.


    The other four (internal, protected, protected internal, and private protected) are used less often but good to know. Internal gives access to all classes in its own assembly, and protected limits access to only classes that derive from the original class. That leaves internal protected. This access modifier is a combination of the internal and protected access modifiers. It grants access to derived classes and its own assembly. Private protected gives access within its own assembly but only to the code in the same class or in a derived class.
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    C# access modifiers from open to restricted. Using the correct access modifier helps with encapsulating our data and protecting our classes.

  


  Now we compile the code. Let us assume that the method in listing 2.1 is part of a class called HelloPythagoras, which is part of a project and solution also called HelloPythagoras. To compile a .NET 5 (or .NET Framework/.NET Core solution) to Intermediate Language stored in a PE/PE+ file, you can either use the build or compiler button in your IDE or run the following command in your command line:

  dotnet build [solution file path]


  A solution file ends with the file extension .sln. The command to create our solution follows:

  dotnet build HelloPythagoras.sln


  After we run the command, the compiler launches. First, the compiler restores all the required dependency packages through the NuGet package manager. Then the command-line tool compiles the project and stores the output in a new folder called bin. Within the bin folder are two potential options for further folders, debug and release, depending on the mode we set the compiler to (you can define your own modes if you want to). By default, the compiler compiles in debug mode. Debug mode contains all the debug information (stored in .pdb files) that you need to step through an application with breakpoints.


  To compile in release mode through the command line, append the --Configuration release flag to the command. Alternatively, in Visual Studio, select debug or release mode from the drop-down list. This is the easiest, quickest, and the likeliest way you will compile your code.


  
    
      
      
    

    
      	
        [image: ]  

      

      	
        
          Debug and release build modes


          In daily life, the practical difference between the debug and release modes are performance and security. By including references to the .pdb files in the debug build’s output code, the runtime has to iterate over more code to do the same logic than you would in a release mode where those references are not present. As a result, the Intermediate Language required to model that code is larger and takes longer to compile when compared to release mode.


          Additionally, if you include debugging information, somebody with malicious intent could potentially use that information to their advantage and have an easier window into your codebase. This is not to say that compiling in release mode removes any need for good security practices. Intermediate Language can easily be decompiled (whether originally compiled in debug or release mode) to something similar to the original source code. If you want to appropriately protect your source code, consider looking into obfuscators (Dotfuscator, .NET Reactor) and threat models.


          A good rule of thumb is to develop using debug mode and test with both debug and release modes. Often this takes the form of testing locally under debug mode and doing user acceptance testing in a dedicated environment with a release build. Because the code between modes is slightly different, you may find bugs in the release mode that you don’t find in the debug mode. You do not want to be in a situation where you tested only the debug build and find a blocking bug in the release build right before your deadline.

        

      
    

  


  At this point, the C# high-level code is compiled into an executable file containing the Intermediate Language code.


  
2.3.2 Step 2: Common Intermediate Language (assembly level)


  From a day-to-day perspective, your job is done. The code is in an executable form, and you can wrap up your ticket or user story. From a technological perspective, the journey is just getting started. The C# code is statically compiled down to Common Intermediate Language, as shown in figure 2.5, but IL cannot be run by the operating system.
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  Figure 2.5 The C# compilation process, step 2: Intermediate Language. Here we go from static to just-in-time compilation.


  But how do you get from IL to native code? The missing piece is the Common Language Runtime (CLR). This part of .NET 5 translates Common Intermediate Language to native code. It is the “runtime” of .NET. We can compare the CLR to the Java Virtual Machine (JVM). The CLR has been part of .NET since the very beginning. It is also good to note that with the movement toward .NET Core and .NET 5, a new implementation of the CLR is taking the place of the old CLR: CoreCLR. The explanations in this book regarding the CLR are valid for both the traditional CLR and CoreCLR, and the term CLR is used for both the regular Common Language Runtime and CoreCLR.


  Any code that is written using an implementation of a technical standard called Common Language Infrastructure (CLI), such as .NET 5, can be compiled down to Common Intermediate Language. The CLI describes the infrastructure behind.NET, whose specific flavors are implementations of the CLI themselves, and gives languages a basis around which to form their type system. Because the CLR can take any piece of Intermediate Language (IL), and the .NET compiler can generate this IL from any CLI-compliant language, we can have IL code generated from mixed-source code. C#, Visual Basic, and F# are the most common .NET programming languages, but a bunch more are also available. See table 2.1 for a roundup of these acronyms.


  Until 2017, Microsoft also supported J#, a CLI-compliant implementation of Java. Theoretically, you could download the compatible compiler and use J#, but you would miss out on some modern Java features in exchange for developing on the .NET platform.


  NOTE The CLR is an immensely complicated piece of software. If you want to know more about the (traditional, Windows-based) CLR, see Jeffrey Richter’s CLR via C# (4th edition; Microsoft Press, 2012).


  Because the compiler embeds IL in files, we need to use a disassembler to view the CIL. All .NET flavors come with Microsoft’s own dissembler called ILDASM (Intermediate Language Disassembler). To use ILDASM, we need to run the Developer Command Prompt for Visual Studio, which is installed alongside Visual Studio. This is a command-prompt environment that gives us access to .NET tools. Be aware that ILDASM is available only for Windows.


  Table 2.1 .NET acronyms summarized


  
    
      	
        Acronym

      

      	
        Expansion

      

      	
        Description

      
    


    
      	
        CLR

      

      	
        Common Language Runtime

      

      	
        The .NET virtual machine runtime. The CLR manages critical things like code execution, garbage collection, threads, and memory allocations.

      
    


    
      	
        CLI

      

      	
        Common Language Infrastructure

      

      	
        A specification describing what executable code in the .NET ecosystem looks like and how it should be executed.

      
    


    
      	
        CIL

      

      	
        Common Intermediate Language

      

      	
        A language that can be JIT compiled by the CLR to execute CLI-compliant code. This is what C# compiles down to in the first compilation stage.

      
    


    
      	
        IL

      

      	
        Intermediate Language

      

      	
        Another term for CIL.

      
    


    
      	
        MSIL

      

      	
        Microsoft Intermediate Language

      

      	
        Another term for CIL.

      
    

  


  Once in the developer command prompt, we can invoke ILDASM on our compiled file and specify an output file as follows:

  >\ ildasm HelloPythagoras.dll /output:HelloPythagoras.il


  If we do not specify an output file, the command-line tool launches the GUI for ILDASM. In there, you can also view the IL code of the disassembled executable. The output file can be of whatever file extension you want, because it is a simple binary text file. Note that in the .NET Framework, ILDASM operates against the .exe file, not the .dll. .NET 5 and .NET Core use the .dll file.


  When we open the HelloPythagoras.il file in a text editor or look at the ILDASM GUI, a file filled with mysterious code opens. This is the IL code. We focus on the IL for the Pythagoras method (if compiled in debug mode), as shown next.


  Listing 2.2 Pythagorean theorem (Common Intermediate Language)

  .method public hidebysig static float64
  Pythagoras(float64 sideLengthA,
              float64 sideLengthB) cil managed {
  .maxstack 3
  .locals init ([0] float64 squaredLength,
                  [1] float64 V_1)
  IL_0000:    nop
  IL_0001:    ldarg.0
  IL_0002:    ldarg.0
  IL_0003:    mul
  IL_0004:    ldarg.1
  IL_0005:    ldarg.1
  IL_0006:    mul
  IL_0007:    add
  IL_0008:    stloc.0
  IL_0009:    ldloc.0
  IL_000a:    stloc.1
  IL_000b:    br.s        IL_000d
  IL_000c:    ldloc.1
  IL_000e:    ret    
}


  If you have ever worked in or seen assembly-level programming, you might notice some similarities. Common Intermediate Language is definitely harder to read and more “close to the metal” than regular C# code, but it is not as mysterious as it might look. By stepping through the IL line by line, you see that this is just a different syntax for programming concepts you already know. The IL code generated by the compiler on your machine may look slightly different (especially the numbers used with the ldarg opcode), but the functionality and types of opcodes should be the same.


  The very first thing we see is the method declaration, shown next:

  .method private hidebysig static float64
        Pythagoras(float64 sideLengthA,
                   float64 sideLengthB) cil managed


  We can easily see that the method is private, static, and returns a 64-bit floating-point number (known as a double in C#). We can also see that the method is named Pythagoras and takes in two arguments called sideLengthA and sideLengthB, both 64-bit floating-point numbers. The two terms that seem odd are hidebysig and cil managed.


  First, the term hidebysig tells us that the Pythagoras method hides every other method with the same method signature. When omitted, the method hides all methods with the same name (not limited to signature match). Second, cil managed means that this code is Common Intermediate Language and that we are running in managed mode. The other side of the coin would be unmanaged. This refers to whether the CLR can execute the method, potentially has manual memory handling, and has all the metadata that the CLR requires. By default, all your code runs in managed mode unless you explicitly tell it not to by enabling the compiler “unsafe” flag and designating code as “unsafe.”


  Moving on to the method itself, we can split the method into two parts: the setup (constructor) and execution (the logic). First, let’s look at the constructor, shown next:

  .maxstack 3
  .locals init ([0] float64 squaredLength,
                  [1] float64 V_1)


  There are some unfamiliar terms here. To start, .maxstack 3 tells us that the maximum allowed elements on the memory stack during execution is three. The static compiler automatically generates this number and tells the CLR JIT compiler how many elements to reserve for the method. This part of the method code is important—imagine not being able to tell the CLR how much memory we need. It may decide to reserve all available stack space on the system, or not reserve any at all. Either scenario would be catastrophic.
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